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TRANSITION HEATING RATES OBTAINED ON A MATED AND 
ISOLATED 0.006 SCALE MODEL (41-0T) SPACE SHUTTLE 
ORBITER AND EXTERNAL TANK IN THE NASA/LaRC 


VARIABLE DENSITY HYPERSONIC TUNNEL (IH17) 
ABSTRACT 


This report presents model information and data obtained from wind 
tunnel tests performed on a 0.006 scale model of the Rockwell Inter- 
national Space Shuttle Orbiter and External Tank in the 18 inch Variable 
Density Hypersonic Wind Tunnel (VDHT) at NASA Langley Research Center. 
The Orbiter and Tank were built to Rockwell lines VL70-00089B and 
VL78-000061C, respectively. Tests were performed at a Mach number of 8.0 
over a Reynolds Number range from 0.1 to 10.0 million per foot at 0° and 
a5° angle of attack and 0° Sideslip angle. Transition heating rates 
were determined using thin skin thermocouples located at various 
locations on the Orbiter and ET. 

The test was conducted in three stages: Orbiter plus External Tank 
(mated configuration); Orbiter alone, and External Tank alone. A study 
on the effects of boundary layer trips was also included in the test 
sequence. 

The plotted results presented herein show the effect of configu- 
ration interference on the Orbiter lower surface and on the ET. Tabu- 


lated data are given in the appendix. 
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NOMENCLATURE 


DEFINITION 
4odel skin thickness, inches 
Semi span - wing, inches 


Specific heat of model material, 
BTU/1bm- R 


Specific heat of air stream, at 
constant pressure, BTU/lbm- R 


Rate of change of temperature with time, 
OR/sec 


Gravitational constant, ft/sec” 
Heat Transfer coetficient, iba/Et~-see 


Heat transfer coefficient in interference 
flow fields, lbm/ft"-sec 


Reference heat transfer coefficient 
(stagnation on 1-foot full scale sphere), 
lbm/ft2-sec 

Local T/C heat-transfer coefficient 


Heat transfer coefficient in undisturbed 
flow rield, lbm/ft2-sec 


Enthalpy, BTU/1b 

Adiabatic wall enthalphy, BTU/1b 

Stagnation enthalpy 

Thermal conductivity coefficient , BTU/ft-sec 
Mach number 

Stagnation pressure, PSIA 


Static Pressure, PSIA 
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SYMBOL 


PLOT 
SYMBOL 


QDOT 


HAW/HT 


RN/L 


TO 


X/C 


Y (BP) 


NOMENCLATURE (Continued) 


DEFINITION 


Prandtl number 
Heat flux, BTU/£t~-sec 


Stagnation-point heat flux calculated by 
Fay and Riddell's equation, BTU/ft’ -sec 


Ratio of wall heat-transfer rate to 
theoretical stagnation point heat-transfer 
rate 


Radius of scaled one-ft sphere, inches 


Adiabatic wall temperature ratio 
(T/T) = recovery factor 


Gas constant, ft-lb/slug °R 
Reynolds Number 

Unit Reynolds number, million per foot 
Time, sec 

Stagnation temperature, °R 
Thermocouple 

Wall temperature, OR 

Yelecity, ft/sec 

Density of model material, Lbm/ft? 
Fraction of local chord 

Orbiter longitudinal coordinate, in. 
Tank longitudinal coordinate, in. 
Fraction of fuselage length 

Orbiter butt plane dimension, in. 


Orbiter lateral coordinate, in. 


oO ALPHA 


B BETA 


$ PHI 


SUBSCRIPTS 


aw 


GENERAL 


RUN NO. 


NOMENCLATURE (Concluded) 


DEFINITION 


Tank lateral coordinate, in. 
Orbiter vertical coordinate, in. 
Tank vertical coordinate, in. 


Angle between model centeriine and wind 
vector, deg. 


Viscosity of air, lb-sec/ft = 
Density of air, slug/ft> 

Angle of sideslip. deg. 

T/C radial location angl-, deg. 


Model roll angle, deg. 


Adiabatic wall 

Tunnel free-stream conditions 
Measured 

Tunnel stagnation conditions 
Theoretical 

Model wall conditions 


Primed quuntities indicating conditions 
behind normal shock 


Beckman Number--comes from instrument 
used to record run number 


Nee i” 


R "MARKS 


This series of tests was conducted using a 0.006-scale model of the 
Rockwell International Space Shuttle Orbiter and External Tank. The 
tests were performed in the NASA Langiey Research Center 18-inch Variable 
Densit:’ Hypersonic Wind Tunnel at a Mach number of 8.0. 

Test variables included Reynolds numbers of 0.1, 0.5, 2.0, 5.0 and 
10.0 million per foot and angles of attack of 0.0 and -5.0 degrees at 
zero degree sideslip. Bott the mated Orbiter/External Tank configura- 
tion and the isolated Orbiter and External Tank were tested. Tests were 
made with and without boundary layer trips. Figure 3 shows the model 
tunnel installation and the various boundary layer trips used. The 
initial configuration utilizing boundary layer trips incorporated a 3/8- 
inch wide band of #25 (.030 Dia) sand grit applied circumferentially 
0.5 and 1.2 inches aft of the nose on the Orbiter and External Tank, 
respectively, using lacquer as an adhesive. After three runs, most of 
the grit had blown off. Those data are not included in this report due 
to their questionable validity. However, Figures 3b and 3c show the 
flow structure of these tests. 

A second method was then devised to trip the flow. Steel balls 
0.0625" in diameter were spot welded 2 diameters apart to bands of stain- 
less steel shim stock (0.001 in. thick and 0.125 in. wide), which was 
then spot welded to the nose of the Orbiter and ET at locations described 
earlier. Analysis of the Schlieren photographs from tests with this 


mechanism, Figure 3d, indicated that the trip (.0625 ball) was too 
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REMARKS (Continued) 


large. The balls were subsequently reduced to .0468 diameter and spaced 
3 diameters apart, which was the configuration used for the data in this 
report. Figure 3e depicts the flow pattern with this latter trip 


mechanism. 
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CONFIGURATIONS INVESTIGATED 


The models were .006-scale representations of the Rockwell Inter- 
national Space Shuttle Orbiter and External Tank. The configurations 
are defined by Rockwell drawings VL/70-OCG0089B and VL78-O00061C, respec- 
tively. The model was designated 41-0T. 

The Orbiter and External Tank instrumentation consisted of 168 iron- 
constantan thermocouple with Kapton insulation, spot welded to thin skin 
15-5 ph stainless steel inserts. Figure 2 presents specific heat vs. 
temperature for 15-5 stainless steel. 

The Orbiter was cast in one piece utilizing Grumman Aerospace 
material "G' and was instrumented with 57 thin skin thermocouple inserts. 
The underside centerline region and B.P. 70 were instrumented with 25 
thermocouples in two parallel rows. The underside of the left wing was 
instrumented with 26 thermocouples in three chordwise rows. Six thermo- 
couples instrumented the left windshield. The Orbiter thermocouple 
locations and skin thicknesses are presented in Figure 1b and Table V. 

The External Tank was fabricated from stainless steel plate and 
instrumented with 111 thin skin thermocouples. The thermocouple locations 
and skin thicknesses are presented in Figure lc and Table VI. 

The following list defines configuration components tested. Since 
there were no interchangeable or movable parts on the Orbiter, the Orbiter 


configuration was defined as 0): 
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CONFIGURATIONS INVESTIGATED (Continued) 


where: 


and 

Bio - Fuselage 

Ce. - Canopy 

Do - Manipulator Housing 
Py - Body Flap 

M. ~- OMS Pods 

Wey - Wing 

Ve ~ Vertical Tail 

T. - External Tank 


Bounday layer trips were denoted as: 


Koy - #25 Sand Grit (.030 dia.) 
Xoo - .0625 in. dia. steel balls 2 dia. apart 
X43 -  .0468 in. dia. steel balls 3 dia. apart 


Table III provides a complete description of model dimensional data. 
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TEST FACILITY DESCRIPTION 


The Langley Mach 8.0 Variable Density Hypersonic Tunnel is located 
in Building 1247D and is under the direction of the Aero-Physics 
Division. This tunnel is used for fundamental aerodynamic and fluid 
dynamic investigation over large Reynolds number ranges obtaining 
pressure and heat transfer measurements. The test medium is air and is 
heated by a combination of Dowtherm and electrical resistance heaters. 
The models are sting mounted and injected into the established flow 
from the bottom of the test station. The tunnel has an axially 
syu.cetric contoured nozzle with a cross section of 18 inches in diameter 
and a core of 4 to 14 inches (depending on pressure). 

Examples of operating conditions are as follows: 

Stagnation Pressure (PSIA)......... 15 to 2930 

Stagnation Temperature (yr stees 1160 to 1510 

Mach Numbe@? ics si vase kaa asesaaw Feo to 8.0 

Reynolds Number (1/ft) ............ O.1 x 10° to 12.0 x 10° 


Running Time (sec), for 


Exhaust into Vacuum ~ ik 90 
Exhaust into Atmosphere 600 
14 
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TEST PROCEDURE 


Prior to tunnel installation, all thermocouples were checked frr 
proper operation by applying a heat input (a soldering iron) to the T/C 
and observing the instrumentation read out. The models were then 
installed in the tunnel, in the inverted position, and spot checks made 
on the instrumentation. 

Normal tunnel run procedure was for the model to be out of the 
flow during tunnel start-up and then injected into the established flow : 
for a period of 4 to 5 seconds for data recording. The model was then 
removed from the flow and the tunnel stopped. After a pause for model 
and tunnel cooling, the tunnel was opened and model changes made in 
preparation for the next run. 

A maximum of 168 channels of data was required for complete thermal 
mapping of the model. However, the tunnel instrumentation was limited 
to 90 channels of data recording. Therefore, to obtain all data required, 
the testing sequence was broken into four groups. (Reference Table IV, 
which shows T/C hook-up grouping.) The first group was ET-A, recording 
data points on the External ‘‘ank in the presence of the Orbiter. The 
second group was Orbiter plus ET-B, which was recording data points on 
the Orbiter and External Tank. The third and fourth groups were Orbiter 
and External Tank alone, respectively. 

In addition to the test sequence described above, each group was 
repeated utilizing boundary layer trips. 


When the Orbiter aloue configuration was being tested, only 57 of 
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TEST PROCEDURE (Concluded) 


the 90 data channels were utilized. However, the remaining thermocouples 


on the External Tank were measuring ambient temperatures in the tunnel 


injection chamber. 
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DATA REDUCTION 


The thermocouple heat-transfer data were reduced using the one- 


dimensional thin wall heat transfer equation: 


: ar 2 
q = Web rg > Btu/ft"-sec 


The density W for the model material was: 


W (Densit aT err 
Material Condition | tpm/ete 


The theoretical stagnatic” point heat transfer rate was calculated 





for a scaled l-foot diameter sphere using the Fay-Riddell equation: 


: os ay eee Dist te as du 0 
Gor = 0-94 (Oy Uw) (o cus! Pou) (H-H) (——) 
x 


where: 
0.0232 x 10° T2"> 


1 + (220/T) 
d 


ey 7 rere) es. 
and: a (1/r.) (2RT (1 - PL /P .] 


Local heat transfer coefficients were computed for each T/C: 


h q/rT - T 


local 
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DATs REDUCTION (Continued) 


‘lhe ratio of the local heat transfer coefficient to reference 


heat transfer coefficient was computed: 


ete 


Deae 


where: 


Recovery factors (r) of 0.85 and 0.90 were used. 

The data figures present H/HREF and HI/HU. The H/HREF data 
actually represent HI/HREF and HU/HREF, interference and undisturbed 
flow data,respectively. The interference data were obtained with the 
Orbiter in the presence of the ET or vice versa while the undisturbed 
data were taken on the configurations alone. The condition that pre- 
vails can be determined by reading the configuration description in 


the plot legend and associating it with the appropriate symbol. 
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BECKMAN NO. 


1661 
166 


1664 
1665 
1666 
1667 
1668 
1669 
1670 


1672 
1676 
1677 
5882 
5883 


BALANCE UTILIZED: 


C UMMENTS: 


TABLE I 


TEST CONDITIONS 


REYNOLDS NUMBER TOTAL PRESSURE 
(million per foot ‘pounds/sq. inch) 


° nl 
=> * 
= ~ = 





OU 
> 
— 
m 

® 


STAGNATION TEMPERATURE 
(degrees Fahrenheit) 


ots, "at | 
a eee See ee 
ae a a 
ee? ae ae ae 
ae 935 
1000 
oe 750 
a es ee 950 
Cara eee ee ee 760 
ee ee ee 175 
jo 320 
ee 
10.0 960 
fee eae! 750 
a ae 815 
Pr sy 
a a ae 925 
N/A ee 
CAPACITY: ACCURACY: TatEaAHeE: 


III 








973 


COMMENTS: 





I (Con ' C 


TEST CONDITIONS 


REYNOLDS NUMBER TOTAL PRESSURE 
(million per foot) (pounds, sq. inch) 





I 


83 


BALANCE UTILIZED: __ N/A ————“—;s*s*s*s™*~s~s—~s—“—‘“‘“‘C™™SSSC 


COEFFICIENT 
TOLERANCE: 


CAPACITY: ACCURACY: 


DATE 


TAGNATION TEMPERATURE 
(degrees Fahrenheit) 


q 
: 
a 
! 
‘ 
a 
q 
i | 
fi 
" 
fs, 
r 
i 


980 
765 
920 
760 
800 
855 
920 
975 
775 
81 


oa) 


935 


@ 8 
Os 
C3 











TABLE I (Continued 









DATE 5 


TEST © yH-17 
TEST CONDITIONS 


M = 8.0 


REYNOLDS NUMBER TOTAL PRESSURE 
(million per foot) (pounds/sq. inch) 


TAGNATION TEMPERATURE 
(degrees Fahrenheit) 





BECKMAN NO. 








ft 
© 


3/7 


177 
1178 
1179 
1180 


- 
-~_ 
= @e xo ee 
e tad ) 


BALANCE UTILIZED: _ N/A. 


CAPACITY: ACCURACY: SOT EOANED: 
NF 
SF 
ne ee aes Lee 
PM oie 
AUS ee Ge 
YM eee 


COMMENTS: 





TABLE I (Conciuded) 


TEST © IH-17 DATE 
TEST CONDITIONS 
REYNOLOS NUMBER TOTAL PRESSURE [STAGNATION TEMPERATURE 
er Os (million per foot) (pounds’sq.inch)  ,f (degrees Fahrenhert) 
ae sg ae acl mie assent ie <i linn a a ee re od 


1181 10.0 2510 


530 830 
900 
1186 11 
80 800 
680 
1189 720 905 
1).91 2520 975 


BACANCEUTICIZED SNL 


COEFFICIENT 

CAPACITY: ACCURACY: See. 
NF pe ee 
nF ee teal 
AF ee ee 
\ ei 
RMA ee ae ee ean SORE eae Le ee ee 
ees eee 


COMMENTS: 





TABLE II 
™YRI TEV + TANK 


DATA SET RUN NUMBER COLLATION SUMMARY 


ee 7 


TEST: 














MACH NUMBERS 


s[era [er Gyoreq 


*F 


3 


PARAMETERS/VALUES 


Zz 
Q 
k- 
< 
44 
2 
S 
re 


@ Re vac 


CATA SET 
rc ew FIER 


Li Jol | 


PREYS \ O,+ T, 





o/7 


. 


le 








& 

Hin eC 

FREFERREEREE 
yx 

LETT TT 


: io repo 


i 


€7 


rt 


ao 


a> 
2 


63 


ay? 


~ 


31 


Fourth charactey ‘Code: 
8 








H/HWE EF 






TART PRL EF 


r- 

7 
- 
Oy) 
qi 
rey 
hae 
bbs 
a 
' 


: 





a 


REPROPUC™ILITY OF THE 


ORIGIN A. 


VCE 1B POOR 


TABLE II (Continued) 


“TARA 


BOLLE KEL 





DATA SET/RUN NUMBER COLLATION SUMMARY 


PARAMETERS/VALUFS 


— 








CONFIGURATION 





{CEN TIFIER 







~ 
~ 





i ca 


IPR AIS 
Toa 
pf ons. 

1 OV 
{XV 






24 


: ne 
NER - 





76 


as 


67 


€1 


Ee) 


49 


43 


37 


3} 


Ww) 
N 


19 


13 


AR (1) 


5 Se 


COEFFICENTS 


aok £f 


fF” 


TABLE II (Concluded) - 
EV ALAA 


ARBIT 


DATE: 


DATA SET’ RUN NUMBER COLLATION SUMMARY 


: TH-17 


TEST 


MACH NUMBERS 


e Ww 
Ouz 
Z0O2 

OF 


if} 
W 
= 
= 
< 
> 
~ 
w 
x 
Ww 
= 
WW 
= 
c ¢ 
cr } 
a 
a 





SCHD. 


4 


WW 
ut 
¢ 
be 
4 
Q 








TEST RUN NUMBERS 


EEECEECEEE 
TEEECEEEEERECORREEE 


EEEEEECECECERSEEEE 
Botts eee eee et ft 
FA a a A RS De Hee es 
(SQSSsSseeres" seen 


| os tok tet 


eam ame ae (a 
| mo 


Cy) a a 





CONFIGURATION 


Oi. + X23 


: 
o 
a. 
~ 


lJ 
ve 
- 
Zz 
i 
{9 


25 











Pa G5 


AR (2) 


tor. 


IOVAR (1) 


COEFFICENTS 


a or £8 
SCHEDULES 


ee 
re 

rr ep eg 
ge pe NT SL 


ee eshgt 
; 


TABLE III MODEL DIMENSIONAL DATA 


MODEL COMPONENT: BODY = Bog 
GENERAL DESCRIPTION : Fuselage, 2A configuration lightweight orbiter, 


per Rockwell lines VL70-O00089B 


en errr Ae PU rp ss npuybereresnyensssnonyppcbesiemmth 


MODEL SCALE: 0.00593 





DRAWING NUMBER: VL70~OO0089B , VL70-000092, ~093, —O9LA 








DIMENSIONS : FULL SCALE MODEL SCALE 
Length 1328.3 7.89682 
Max Width (@ X. = 1528.3), In. SPAS 7S 
Max Deptr (@ X, = 1480.52), In. _ 243.0 L.L7Z06L, 
Fineness Ratio —-— 5,0] 2__. 520}2 
Area - Ft” a ae ee 
Max. Cross-Sectional et _0.01605 
Planform 
Wetted 
Base 
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TABLE III (Cont'd) 


MODEL COMPONENT: CANOPY = C5 
GENERAL DESCRIPTION: Orbiter canopy for lightweight orbiter configuration 


MODEL SCALE: 0.00593 
DRAWING NO.: VL70=000092 


DIMENSIONS: FULL SCALE MODEL SCALE 
Sta. Fwd Bulkhead, Ih. 391.0 2.31863 
Sta. T.E. - In. 560.0 3.32080 
Canopy/body intersection, In. 391.0 2.31863 
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TABLE III (Cont'd) 


MODEL COMPONENT : MANIPULATOR HOUSING ~ De 


GENERAL DESCRIPTION : 2A configuration 





MODEL SCALE: 0.00593 ase 


DRAWING NUMBER: __VL70-000093, SS-A00092 





DIMENSIONS : FULL SCALE MODEL SCALE 
Length ’ In. 881.0 2222433 
Max Width , In. — 21.0 = = _0,30243 
Max Depth, In. 23.0 0.13639 


Fineness Ratio 


Max. Cross-Sectional 


Planform 


Wetted 
Base 
Location at: 
Centerline fuselage: 
BP = 0.0 


WP = 500.0 In. FS 
Xq 426.0 to Xp 1307.0 In. FS 


| 
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TABLE III (Cont'd) 


MODEL COMPONENT : BODY FLAP = Fy, 


GENERAL DESCRIPTION : Aft body flap used on lightweight orbiter 


configuration. 


eS SS re ty SSS gp SS AS ee es si eeunetat, 





MODEL SCALF 0. 00593 





DRAWING NUMBER. VL70-O0009LA, SS-AQ0092 


DIMENSIONS : FULL SCALE 
Length, In. ie <r 0 See 
Max Width , in. 265.00 
Max Depth 


Fineness Ratio 


2 


Area — Ft 


Max. Cross—Sectional 


Planform — W2.64 
Wetted 
Base 38.65 
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MODEL SCALE 


HT FF 


0.00502 





0.00136 


TABLE If] 


(Cont'd) 


MODEL COMPONENT : OMS POD - Mo 
GENERAL DESCRIPTION : _ 2A lightweight orbiter configuration. 





MODEL SCALE: 0.0059 


DRAWING NUMBER .- ViL70-0000 


DIMENSIONS : 


Length ’ In. 


Max Width (@ X, = 1450.0), In. 


Max Depth (@ Xo = 1500.0), In. 


Fineness Ratio 

Area 
Max. Cross—Sectional 
Planform 


Wetted 
Base 


Centerline of OMS Pod: 


Zo = 463.9 In. FS: WP 400 + 63.9 = 463.9 In. FS 


Yo = 80.0 In. FS 


90 -A00092 


FULL SCALE 


346.0 
—108.0 
113.8 


Length: Xp 1214.0 to Xp 1560.0 = 346.0 In. FS 


IEE eal iT LA El erlihe 5 RACE py eer 


MODEL SCALE 


2.95178 


O.0b0K4 
0.67483 
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TABLE III (Cont'd) 


MODEL TOMPONENT; WANG-Kgo 

TENERAL DESCRIOTION: Orbiter configuration, NOTE: Dihedrg] angle is defined at 
the lower surface of the wing gt the 75,332 element line projected into a plane 
nernendicular to the FRL, 


MODEL SCALF: 0.00593 


"ES" xO 
en ee ee ame 


DWG. NO. VL70~000093 

















ee a 2 


OI MENS IONS: FULL=SCALE MODEL SCALE 
TOTAL DATA 9 
Area (.1e0.) Ft 
>lanform 2690.0 0.0945 
Span (Theo In, 936.682 ae 
Assect Ratio 2.265 2.265 
Rave of Taper a Yd 1.177 
Taper Ratio 0,200 Q. 200 
Dinedral Anaie, degrees 3.500 3.500 
Incidence Angie, degrees 3,000 3,000 
Aerodynamic Twist, degrees +3,.000 +3,000 
Sweep Back Angies, degrees 
-eading Edge 4,5 .000 45.000 
Trailing Edge - 10.240 10.20 
0.25 Element Line 35.209. 35.209 
Chords: ar aaa SS 
Root dane B.P.0.0. 689. 21, 4.08919 
Tip, (Theo) B.P. 137.85 O.817L5 
MAC 474.81 2.815€2 
Fuse. Sta. of .25 MAC 1136.89 6.74176 
W.P. Of «25 MAC ait 1.77426 
B.L. Of .25 MAC 182.13 1.08003 
EXPOSED DATA 2 
rea Sate Ft 1752.29 0.06162 
Span, (Theo In. BP108 . 4.27363 
Aspect Ratio 2.0568 2.058 
Taper Ratio 0. 24,5 0.245 
wa 1 562.40 3 sors 
Root BPI08 ; ; 
Tip 1,00 b 137. QO. 81745 
MAC 393.0 2-33067 
Fus. Sta. of .25 MAC 1185.31 1.028 9 
WeP. Of .25 MAC 300. 20 1.78019 
Bel. of .25 MAC 143.7 0.85250 
Airfoil Section (Rockwell Mod NASA) 
XXXX~-64 
Root b = 0.10 0.10 
Tip b= 0.12 Q.12 
2 See oe, 
Jata for (1) of (2) Sides 
lead‘ng Edge Cuff 
S antcen area ce? 120,33 _ : 
Leading Edge Intersects Sus M, L. @ Sta 540.0 
weading Edge Intersects “ing @ Sta 1035.9 6.13755 
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TABLE III (Cont'd) 


MODEL COMPONENT: VERTICHL - V, | 
GENERAL DESCRIPTION: Centerline vertical tail, double-wedge airfoil with 


rounded leading edge. LIENS IAA CE TRS AION AoE REET ELE Oe MEE: 


ee 6 ee rn cpa a IEEE SRE at 


MODEL SCALE: _0.00593.__ 


DRAWING NUMBER: VL70-000095, SS-A00092 


DIMENSIONS: 
TOTsL DATs. 


rea (Theo) - Ft" 
Planforn 
Span (Theo) - In. 
fsopect Ratio 
Rate of Taper 
Taper Ratio 
Sweep-Back Angles, Degrees. 
Leading Edge 
Trailing Edge 
0.25 Ele:rent Line 


Chords 
Root (Theo) ‘iP 
Tip (Theo) “/P 
M..C 
Fuss ota. of 3.25: Ma’ 
Waresot 325. MAC 
B.L. of .25 MAC 


IV TOLL seein 
Leading ede <n;jle: = Deu. 


Trai bing wedse. while: + .Deg- 


Leadin,, “dye Radiu. 
VOUT Teu 


Blunketed rea 





FULL SCALE 


REVPRUt a 
OPS 


MODEL SC; LE 


1.59220 
0.62323 
__1.18437 
8.67856. 
3.76863 
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? TABLE III (Cont'd) 


MODEL COMPONENT :__EXTERNAL TANK - Tg 


GENERAL DESCRIPTION : External oxygen-hydrogen tank lightweight 


orbiter configuration to which the orbiter and the two solid rocket 


motors attach. 


MODEL SCALE: 0.00593 


DRAWING NUMBER: .VL70-00061C, VL78-000018, SS-A00093 


DIMENSIONS : 


Length, In. 
Max Width (Dia.), In. 


Max Depth 


Fineness Ratio 
2 
Area - Ft 
Max. Cross~Sectional 


Planform 


Wetted 


Base 


WP of tank centerline (Z,), In. 
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FULL SCALE 


1989.0 


20 
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6.1389 


| 





i,00.0 


MODEL SCALE 


11.79477 


1.92132 


6.1389 


2.3720 
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GROUPING 


ET-B 


ORB-A 


TABLE IV. THERMOCOQUPLE GROUPINGS 


[HERMOCOUPLE NUMBERS 


ET-1, 3-8, 10, 12-14, 18-21, 25-26, 
30, 32-43, 46-57, 60-72, 76-86, 
90-100, 103-111 


ET-2, 9, ll, 15-17, 22-24, 27-29, 


31, 44-45, 58-59, 73-75, 87-89, 
100-102 


ORB 1-57 
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Thermocouple Locations 
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Model Installation/Orientation 


Figure 3. Model Photograph: 
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Schlieren of Mated Configuration with #25 (.030 Dia.) Sand Grit 
Po = 83 psig, To = 775°F, a = 0°) 





Schlieren of Mated Configuration with #25 (.030 Dia.) Sand Grit 
(particles blown off) (P, = 750 psig, Ty = 930°F, a = 0°) 


Figure 3. (Continued) 
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Figure 3, (Concluded) 
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